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ABSTRACT 

The Viking Mars mission has seve ra l  unique environmental 
aspec ts  t h a t  impose requirements on miterials grea t ly  
stirpassing those of previous space missions. Foremost 
among these  requirements a re :  (I) t he  a b i l i t y  of a l l  
materials i n  the  spacecraf t  t o  withstand exposures t o  
125OC f o r  up t o  100 hours without any de le t e r ious  ef- 
f e c t s ;  (2)  a minimal o r  p red ic t ab le  change i n  material  
p rope r t i e s  a f t e r  10 to  14 months exposure t o  the  thermal 
vacuum environment of i n t e rp l ane ta ry  space; (3) noninter- 
ference by materials of l i f e  de t ec t ion  and organic analy- 
s is  experiments t o  be conducted on the  surface of Mars. 
These requirements formed the  b a s i s  f o r  an elaborate 
materials q u a l i f i c a t i o n  program. The elements of  t h i s  
program, including philosophy, t e s t  methods and f ac i l -  
i t ies,  are described. 

INTRODUCTION 

An extens ive  material q u a l i f i c a t i o n  t e s t  program has been 
conducted t o  ensure the  proper s e l ec t ion ,  processing, and app l i -  
ca t ion  of nonmetall ic mater ia l s  i n  the design and construction of 
the  Viking Mars Lander. A s  a pa r t  o f  the  program, thousands of 
tests were conducted t o  der ive  bas ic  thermochemical data,  degas- 
s ing  da ta ,  and c r i t i c a l  physical  property da ta  of nonmetallic 
ma te r i a l s  ranging from marking inks t o  hea t  sh i e ld  materials.  

The v a s t  amount of da ta  obtained from t h i s  program w i l l  have 
s i g n i f i c a n t  va lue  f o r  both fu ture  aerospace programs and c e r t a i n  
non-aerospace commercial a c t i v i t i e s .  

VikiEg nonmetallic materials must be capable o f  withstanding 
t h e  environmental conditions the  probe w i l l  encounter before during 
and a f t e r  i t s  journey from e a r t h  t o  Mars. This includes s t e r i l i z a -  
t i o n  temperatures of 125OC f o r  periods of 100 hours o r  more, 
thermal vacuum exposures f o r  periods of 14 months, and the a b i l i t y  
t o  withstand the  Martian environment without degradation o r  de- 
composition s i i f f i c i e ~ t  r _ ~  interfere :?ith the sciecce pzckzgc zbsard. 
t he  Viking Lander. Such areas  as the  s o i l  sampling system, t h e  
A,-*..-<- uL5aLLAb azialysis experlicelit, aid tile ciriection syscem have scricr:  
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requirements regarding t h e  allowable organic contamination per- 
miss ib le  as background i n  these  systems. 

A very s i g n i f i c a n t  a s p e c i  oi tile program describe6 iii this 
paper is i n  t h e  d i s c i p l i n e  and con t ro l s  employed. N o  o the r  major 
hardware material q u a l i f i c a t i o n  program t o  da te  has dictated t h e  
r i g i d  control on f a c i l i t i e s ,  methods, and materials as has occur- 
red i n  the Viking Program, One reason for t h i s  s t r i c t  d i s c i p l i n e  
i s  t h a t  the q u a l i f i c a t i o n  t e s t i n g  on any one material i s  ex tens ive ,  
and i n  comparing d a t a  from d i f f e r e n t  l o t s  and batches wi th  the  
mater ia l  o r ig ina l ly  qua l i f i ed ,  no question should arise as t o  the  
methods o r  f a c i l i t i e s  employed. A second reason f o r  t he  d i s c i p l i n e  
i n  t h i s  program is the  shear  magnitude of t he  e f f o r t .  I f  c a r e f u l  
recordings of each test  w e r e  not maintained i n  a n  organized, d i s -  
c ip l ined  fashion, t he  t o t a l  volume of da t a  would make it v i r t u a l l y  
impossible t o  recons t ruc t  t he  test  h i s t o r y  assoc ia ted  with any 
s ing le  material .  F ina l ly ,  f o r  any material t e s t ed ,  t he  material 
processing h i s to ry  and t r a c e a b i l i t y  up t o  t h e  po in t  of t e s t i n g  is  
of g rea t  significance s ince  the  chemical or phys ica l  behavior of 
polymers a d  o the r  nonmetallics can be very  dependent on p r i o r  
treatment. 

A s ign i f i can t  f r a c t i o n  of t he  Viking Materials Program in- 
volves the  s e l e c t i o n  of nonmetallic materials, s ince  these  mater- 
ials as a c l a s s  a r e  considered most vulnerable t o  the  Viking m i s -  
s i on  environment. This s e l e c t i o n  process f o r  nonmetall ics i n m l v e s  
both chemical and  physical  property determinations.  Considerable 
e f f o r t  has been spent i n  the  screening of candidate ma te r i a l s ,  the 
qua l i f i ca t ion  of successfu l ly  screened ma te r i a l s ,  and the  t racking  
o r  f ingerpr in t ing  of qua l i f i ed  nonmetallics through hardware 
producti on. 

MATERIAL SELECTION AND CONTROL 

A candidate ma te r i a l s  l i s t  was  generated f o r  the qua l i f i ca -  
a;*- ..ri-.-. chs C ~ l l m . . i n n  ,...r,.a~. 1) p r i e r  spice 
L L V L L  pr"bL- by U U A . 4 6  C.._ &"LA"".L..6 S",.,,". 
vehic le  h i s to ry ;  2) p r i o r  labora tory  screening tests i n  o the r  
labora tor ies ;  and 3)pre l iminary  in-house labora tory  screening 
tests. 
d e f i n i t e  need was es tab l i shed  on the  program w e r e  screened in- 
house using vacuum thermogravimetric ana lys i s  combined with r e s id -  
ua l  gas analysis.  These s p e c i f i c  t e s t s ,  being r e l a t i v e l y  inexpensive 
and of short dura t ion ,  give a good dea l  of information r e l a t i n g  t o  
material's thermal s t a b i l i t y ,  degassing p rope r t i e s ,  cure  e f fec-  
tL-cezes , .... -. - .. --aA.. 4. 

1SY;LL C"I'LZ..L, BtC. A fur tkr  ad=.aztsge ef t h h  tech- 
nique i s  the smail sampie (is t o  20 mgj required for test ing.  

Materials having l i t t l e  or no p r i o r  h i s t o r y  f o r  which a 

A l l  candidate ma te r i a l s  w e r e  assigned a s p e c i f i c  i den t i f i ca -  
t i o n  number. 
number, even though the  material may have been obtained from the  
same source and was  supposed t o  be the  same material type. Using 

Each material lo t /ba tch  was  assigned a d i f f e r e n t  
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this method, it was possible to trace all the information regard- 
ing material, process, preparation, testing and qualification or 
rejection of any given lot or batch. Once the material had been 
subjected to all the necessary testing, a complete file of the 
test data was presented to a material review committee whose 
function it was to pass judgment on unlimited use, restricted 
use, or rejection for use on the Viking Lander. 

A formal test report was generated for each material. This 
report contained a summary of the material history, test data 

conclusions reached by the review board. As a result of this 
action, material and process specifications were implemented to 
ensure the integrity of the materials used throughout the Viking 
Lander. 

ccrqilztic?. fcr Seth ckelzicnl 222 pkysFcal propcr t les ,  ZZ& the 

PROGRAM DESCRIPTION 

Chemical Characterization 

The chemical characterization phase of the qualification 
program consisted of the following tests: thermal degradation, 
mass spectral analysis, condensible outgassing, isothermal weight 
loss, and gas chromatograph-mass spectrometer analysis. 

Thermal Degradation--iising thermogravimetric analysis (TGA), de- 
gradation testing from ambient temperature to 500°C or above was 
performed in a vacuum and,in some cases, nitrogen. The vacuum 
environment is representative of service, whereas the nitrogen 
simulates the sterilization environment, 

Mass Spectral Analysis--To characterize the outgassing and degra- 
dation species during the TGA test, a residual gas analyzer was 
attached to the TGA apparatus to provide simultaneous mass spectral 
data during the vacuum TGA test. 

Condensible Outgassing--The rate of deposition of condensibles 
from candidate materials was determined using a quartz crystal 
microbalance operating at -125OC in vacuum, the minimum temper- 
ature anticipated at the Martin surface, 

Isothermal Weight Loss--To assess materials behavior during the 
sterilAzation cycle, isothermal weight loss tests were performed 
at 135-C for 100 hours in a nitrogen atmosphere. 

Gas Chromatograph-Mass Spectrometer Analysis--For those materials 
used in the spacecraft in critical locations or in significant 
qtantities, the rnatsrlal w i l l  be pyrolyzed aid a gas ciirouiatograph- 
mass spectrometer reference spectra generated. Testing of this 
type began in 1973. 
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A listing of the types of materials tested in this portion 
of the program is given in Table I. This table includes materials 
which did not get beyond the screening stage, but does not include 
"fingerprint" testing of different lot/batches of the same mater- 
ial. 

Table I - Quantity of Nonmetallic Materials Chemically Tested 

Acrylics 
Butyl Rubber 
Diallyl Phthalates 
Epoxies 
Ethylene Propylene Rubber 
Fluorocarbons 
Miscellaneous (principally 
inorganic nonmetallics) 

Phenolics 
Poly amide 8 

Polycarbonates 
Polychloro-P-Xylene 
Po lye s t e r 
Polyethylene 
Poly imide 
Polyolefin 
Polypropylene 
Polystyrene 
Polyvinyl Chloride 
Polyvinyl Fluoride 
Silicone 
Unknown 
Urethane 

Total 

Quantity 

2 
6 
18 
307 

5 
60  
92 

13 
20 
1 
2 
43 

5 
45 
2 
7 
5 
1 
6 

123 
11 
39 

813 
- 

Application Quantity 

Ablator 
Adhesive 
Coating 
Elastomer 
Electrical Insulation 
Encapsulant 
Fabric 
Film 
Finish 
Lubricant 
Marking 
Miscellaneous 
Molding Compound 
Sealant 
Shock Insulation 
Structural Plastic 
Tape 
Thermal Insulation 
Tubing 
Wire 

13 
127 
73 
6 4  
110 

65 
57 
25 
12 
24 
26 
20 
9 
36 
10 
45 
18 
48 
13 
18 

- 
Total 813 

Thermal Degradation TGA-RGA in Vacuum 

A thermogravimetric analysis (TGA) combined with residual 
gas analysis (RGA) test is a short duration test which gives much 
information relating to the material's thermal stability, degas- 
sing properties, cure effectiveness, resin content, and the 
activation energy for thermal degradation. A further advantage 
of this technique is that only a very small sample ( 6  to 10 mg)  
is required for testing. Following sample conditioning, the 
specimen was heated in vacuum at a programmed rate of 10°C/minute 
to a maximum of 500 C or to the point at which decomposition is 
complete, whichever occurred first. 
ly recorded throughout the heating cycle. 
evolvgd gases in the mass range m/e 2 to 250 was obtained at 10 C 
to 15 C intervals. 
duced in graphical form showing the change in relative peak heights 

0 

Sample weight was continuous- 
Mass spectral data 05 

RGA data from the screening test can be re- 
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of s i g n i f i c a n t  m / e  peaks (not present  i n  background) versus sample 
temperature. 

TGA-DTA i n  Nitrogen 

I n  some cases,  TGA-DTA tests were performed in  a continuous 
~ - i t r ~ - n  0--- gas f h w  m d  ether gasems ewirczr ien ts .  
D i f f e r e n t i a l  Thermal Analysis (DTA) was  subs t i t u t ed  fo r  t he  RGA. 
This n i t rogen  t e s t i n g  w a s  performed t o  determine whether t he  
thermcchemicsl behavicr cf t h e  po?ymr is irifPLeric2d bj; th€ pre- 
sence of i i i irugeii  (a coiiuiiu~i sea i ing  gas j .  Sampies were prepared, 
cleaned, and conditioned i n  the  same aanner as i n  the  vacuum TGA 
screening t e s t .  TGA da t a  can be reduced t o  a percentage weight 
l o s s  as a func t ion  of temperature. DTA d a t a  can be reduced t o  
give the  temperature at  which s i g n i f i c a n t  endothermic or exothermic 
r eac t ion  occurs. 

I n  *,ese t e s t s  

Isothermal Weight Loss Predic t ion  from TGA Data 

Therriai degradation under vacuum, as measured by isothermai 
weight l o s s  of polymers, has been s tudief  f o r  a va r i e ty  of poly- 
mers by H. A .  Papazian and h i s  coworkers . 
meta l l i c  mater ia l s  have been used i n  the  TGA tests. Isothermal 
s tud ie s ,  a t  much lower temperatures, have been made using l a r g e r  
samples (b.0 t o  10.0 grams). Comparison of t h e  two techniques 
has shown t h a t  t h e  TGA r e s u l t  can accura te ly  p red ic t  the isothermal 
k ine t i c s .  

Small samples of non- 

Using t h e  Arrhenius r e l a t i o n ,  

- b E / R T  k = A e  

and, accordingly,  

A E  j n k =  L n A - -  RT 

where k i s  the  rate cons tan t ,  A i s  known as the  pre-exponential 
f a c t o r ,  and A E  is  the  a c t i v a t i o n  energy. 

I n  the  study of thermal s t a b i l i t y  of nonmetallic materials,  
t h e  degradation r eac t ion  was  found, i n  most cases ,  t o  be a f i r s t  
o rder  r eac t ion ,  and the degradation r a t e  i s  d i r e c t l y  pro?ortional 
t o  concent ra t ion  of the  r eac t ing  substance, 

- - -  d c - k c  
d t  

where c i s  concent ra t ion  of the r eac t ion  spec ies ,  t is time. L.et 
"a" be t h e  i n i t i a l  weight of nonmetall ics,  and "xql t h e  weight a f t e r  
time ,It". The remmiriing =eight i s  ( 8  - x ) ,  and 
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Therefore, 

k(a - x) dx 
dt 
- =  

From equation (l), the activation energy in Kcal/mole is 

E = 4.574 x 10 -3 y?q 
(5) 

Integration of equation (5) yields 

a - x -kt - -  - e  a (7) 

where a is the initial weight and a - x/a is the fraction remain- 
ing. Therefore, if k is known for a given temperature, one can 
find the fraction of the polymer remaining for a predetermined 
time, t, or if the weight loss is desired, 

(1 - e-kt) x 100 = % weight loss (8) 

Material Fingerprinting 

To assure identicality of materials used in the hardware 
phase of Viking with initial lot/batches of qualified materials, 
all later buys of most nonmetallics were subjected to a TGA-RGA 
"fingerprint" test as part of the receiving inspection function. 
In this manner, all new lots of material could be compared with 
the original qualification lot to ascertain that, chemically, the 
material and processing of that material were identical to the 
original qualification lot. This technique, put to test on over 
800 materials to date, has proven to be an extremely sensitive 
tool in detecting small process variations. 

Condensible Outgassing Tests 

For measurement of outgassing, a standard method devel- 
oped for use in the Viking Program is used. In this test, a 
quartz crystal microbalance is used to measure the rates of 
condensible degassing issuing from the sample. With the sample 
heated in an effusion cell, a cooled quartz crystal is located 
in close proximity to the orifice of the cell. A s  the degassed 
species issue from the cell and impinge on the surface of the 
quartz crystal, the condensible portion of the sample degassing 
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c o l l e c t s  on the quar tz ,  while  the  noncondensibles are pumped from 
the system. 
degassing rates as low as 1 x 
determined. 

The s e n s i t i v i t y  of t h i s  method permits condensible 
percentiday t o  be accurately 

Nitrogen Weight Loss 

The ni t rogen isothermal weight l o s s  tests were performed i n  
accordance with a standard method developed f o r  use t o  de tec t  the 
material 'oeiiavior during the heat  steril ization c y c i e .  The weigkt 
ot the  sample was measured betore and atter the 100 hours a t  135-C 
with a 3 cc/minute n i t rogen  gas purge. 
w a s  cold trapped a t  -196OC during the  test and then warmed up t o  
room temperature while taking a res idua l  gas ana lys i s  scan. For 
most materials, the condensibles were only air const i tuents .  

The ni t rogen purge o u t l e t  

GCMS Analysis 

Those mater ia l s  se lec ted  by the  Viking Science Team t o  be 
used i n  the  spacecraf t  i n  c r i t i c a l  locat ions such a s  s o i l  sampler 
assembly or i n  s i g n i f i c a n t  quan t i t i e s  w i l l  be pyrolyzed and a 
GCMS reference spec t r a  determined. Tests  of t h i s  type are  t o  
begin i n  the  l a t te r  p a r t  of 1973. 

Typical Qual i f ica t ion  Test Summary (Chemical) 

An example of a da t a  summary o f  the  thermochemical q u a l i f i -  
ca t ion  t e s t i n g  of a typ ica l  nonmetalIic, including TGA and DTA 
d a t a  (Mgure 1) and mass spec t r a l  da t a  (Table 11) i s  as follows: 

Material, EA934--EA 934 adhesive i s  a two pa r t  epoxy used f o r  
general  purposes. This material i s  governed by MMh Viking Docu- 
ment TP 3720150 f o r  a l l  the cont ro l ,  specimen preparation and 
t e s t i n g  . 
Vacuum, TGA--Onset of major degradat ion,  22OoC - 235OC (493OK - 
508'K). Weight l o s s  a t  135OC (408'K) ranges from 0.3 t o  0.9% and 
consis ted almast e n t i r e l y  of water loss .  This loss occurred over 
the  temperature range of 5OoC - 135OC (323'K - 408'K). The high- 
est  water lo s s  occurred i n  the specimen preconditioned a t  room 
temperature and 45% RH, while the lower water contents  were obser- 
ved i n  specimens p r  conditioned a t  125OC (398'K) i n  nitrogen f o r  
100 hours ( 3 , 6  X f O  ! set). 

NitroKen, TGA--Onset of major degradation, 24OoC - 265OC (514'K - 
538°K). 
red over the  temperature range of 55 C - 14OoC (328OK - 413'K). 
The specimen w a s  preconditioned a t  room temperature and 45% RH 
f o r  minimum of 24 hours p r i o r  t o  test. 

Nitrogen Weight Loss--The weight loss  i n  ni t rogen a f t e r  100 hours 

Weight l o s s  at  135OC (408OKb was 0.45%. This loss occur- 

1 
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Figure 1 - TGA-DTA Curves for Epoxy Adhesive, EA 934 
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Table I1 
EA 934 Us1 Number and R e l a t i v e  Peak Intens i ty  

(298.q) 
25 
560 
129 

I 851 
12 954 
48 262 

42 
89 

.. 
76 

10 230 
106 

2 530 

996 

, e -  
.,> 

827 
3 741 
18 467 
65 048 

118 
127 

95 

1 044 
13 538 

776 
154 
127 

2 546 

"". 711 

46 
106 
420 

1 594 
2e2 
372 
571 

101 
- I.. ' ,.. 

78 

1 IO 

42 

50 

54 

a4 

54 
111 

40 

48 

I?? j 

is' G ~ 

1952 1 
36 439 , 

.. .^^ 

2; 
51 ~ 

2 837 
2 844 1 

149 , 
I 946 , 
4 043 i 

13 088 
8 671 
6 444 
9 469 
6 056 ' 
1 572 
118 
289 
72 

539 
3 204 
3 616 

3 113 
1 375 
1 255 
I 853 1 1% 

1 889 
340 
88 

213 
549 

1 256 
652 

3 294 
4 366 
2 853 

353 
170 
230 
147 
139 
116 
2 4  
81 
127 

I 230 
462 

1 027 

377 

" I.. 
7 "I. 

2 m 7  

1 151 i 
7 ,  i 
52 
86 

54 
80 1"Q 
74 

LDY 
4 u i u  

257 

160 
315 
4 7  

143 

1 no . . 61: 
6 197 

18 124 
2 9% 
1 916 
399 

2 420 

6" 
509 

4 760 

3 la 
2 182 
2 672 
1 "io 
192 
41 
R8 

176 
1 550 
1 998 
1 049 
1 i i 3  
456 

1 398 
699 

177 

50 
122 
224 
721 
153 

1 630 
1 686 
326 
128 
85 
126 
68 
42 

76 
61 

1 291 
230 
7 2 i  
547 
105 

1 a64 

3 an7 

w< 

40 

56 
59 

74)  

b J  
1 230 

43 

77R 
182 

11 576 
7q R7? 

I 42 
109 

inR 
580 

c ;i: 
7 465 

17 149 
5 325 
873 

2 258 
109 

14  
290 
795 

5 291 
2 761 
7 262 
3 379 
: ?!! 
I ' L D  

SR 

LOO 
792 

1 091 
469 

1 124 
501 

L 430 
I 937 
! (1711 

149 

51 
79 

284 
66 
566 
365 
529 
173 
362 
553 
274 
52 

713 
131 
388 
212 
I34 

60 
98 
73 

. "" , Y Y  

!cv 
44 
, I  

L L 2  

130 
54 

55 
100 

1 1 7  
564 

4 04: 
6 903 

16 609 
4 851 
7 36 
64 

2 319 

42 
271 
606 

2 600 
7 060 
3 037 
4 318 

4 850 

-.. 
1 . )  

95 
522 
768 
329 
628 
427 

2 440 
I 718 ! 365 

1m 

9 
172 
68 

280 
2 10 
6 34 
186 
457 
487 
237 

344 
128 
228 
139 
163 

97 
64 
73 

1 4 3  
49 

d l  

~ 

__ 
(823') 

550 
1 246 
3 052 
5 071 

10 21; 
". l4F 

111 

___ 

41 

41 

;;; 
2 053 
13 172 

e21 
349 
inr 

2 188 

72 
152 
919 

I 557 
124 
370 
326 

4 5  
"", '0" 

142 
188 
117 
128 
68 

165 

155 67  

103 

101 
94 
73 

84 
46 
65 

42 

I 
J 
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(3.6 x lo5 sec) exposure, at 135OC (408'K) was 0.75%. 

Vacuum Condensible Degassing Rate--The steady-state vacuum con- 
densible degassing rate for this material at 125'F (323'K) is 
9.13 x percentlday. 

Activation Energy of Decomposition--In vacuum: 

Over the range 233OC - 300°C (506'K - 573'K) - 
12 A = 8.3 x 10 

hE = 15.77 Kcal (75.77 Kjoules)/mole 

Over the range 3OO0C - 345OC (573OK - 628OK) - 
12 A = 2.1 x 10 

AE = 56.44 Kcal (225.35 Kjoules)/mole 

In nitrogen: 

12 A = 5.6 x 10 

AE = 17.27 Kcal (72.01 Kjoules)/mole 

Over the range 322OC - 370°C (596'K - 643'K) - 
12 A = 2.56 x 10 

A E  = 46.84 Kcal (195.32 Kjoules)/mole 

Time for 1% Weight Loss at Temperature, T 

Time (Minute)* 
Temperature In Vacuum In Nitrogen 

50°C (323'K) 782.2 52.5 

100°C (373'K) 173.2 17.2 

15OoC (423'K) 54.8 7.1 

*For larger sample applications, a factor of - 10 
has to be applied to all the time in minutes. 

2 

Physical Properties Characterization 

The qualification of the nonmetals used on the Viking Program 
with respect to their physical properties (mechanical, electrical, 
thermal, and optical) was a significant effort. Since there was 
a limited quantity of in-situ data available on the properties of 
materials after long term exposure in a high vacuum, it became 
necessary to institute an evaluation and qualification program 
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t h a t  would provide t h i s  necessary d a t a  a f t e r  exposures t o  simula- 
ted space environments over extended periods of time up to 14 
months. This meant t h a t  mater ia l s  would have t o  be stored i n  
vacuum chambers f o r  extended periods of time and then tested in- 
s i t u .  That is ,  the  t e s t i n g  would be performed i n  a vacuum at  the  
an t i c ipa t ed  thermal conditions t h a t  could be expected during the  
f l i g h t  t o  Mars as w e l l  as a f t e r  landing on the  p lane t .  

The i n i t i a l  program iden t i f i ed  a minimum of 75 d i f f e ren t  
randida te  materials.  This amount increased during t h e  program 
t- LV V Y C L  Qnn V"" .,.-+o.-;qie YLUC..LLUA-. To evsl-ste these 75 ?!.terids could ic- 
volve as many as 20,000 tests. However, a s  the  programprogressed, 
c e r t a i n  tests were eliminated f o r  var ious  reasons, such as t e s t i n g  
f o r  only those p rope r t i e s  which were c r i t i c a l  t o  the spec i f ic  
ma te r i a l  app l i ca t ion  r a t h e r  than a l l  the  physical p r o p e r t i e s  of 
each miterial. I n  many cases ,  the long term t e s t i n g  was eliminated 
i f  t he  rnaterial  showed l i t t l e  o r  no change over a 3 t o  6 month 
vacuum exposure. 

A saquance of testing was generated to previde a m m i n g f s l  
comparison of ma te r i a l s  p rope r t i e s  throughout t he  program. This 
sequence required the  t e s t i n g  of materials as follows: 

1. Baseline (as received);  

2. Prelaunch ( a f t e r  receiving a hea t  s t e r i l i z a t i o n )  ; 

3. Launch, c r u i s e ,  and deorb i t  ( a f t e r  vacuum exposures of 
one, t h ree ,  s i x  and 14 months). 

Once an acceptable program f o r  a e r i a l  q u a l i f i c a t i o n  was iden t i -  
f i e d ,  t h e  f a c i l i t i e s  required f o r  t h i s  program were evaluated. 
The f i r s t  two phases of t e s t i n g  (base l ine  and a f t e r -hea t  s te r i l i -  
za t ion)  required l i t t l e  more than conventional t e s t i n g  equipment 
and ovens. The t h i r d  and four th  phases (vacuum soak and i n - s i t u  
t e s t i n g )  presented severe problems. Conventional tes t ing  f a c i l -  
i t i es  were evaluated. Such techniques included a carrousel f i x -  
t u re ,  where a quan t i ty  of specimens could be placed i n  a r o t a t a b l e  
f i x t u r e  and placed i n  a vacuum chamber. The disadvantages of t h i s  
arrangement included p r i c e  and long term r e l i a b i l i t y .  Each t e s t  
would requi re  s p e c i a l  f i x t u r e s  fo r  t h a t  test and, for  instance, i f  
f l exure  t e s t i n g  w a s  required on 20 d i f f e r e n t  mater ia l s ,  then 20 
f l exure  r i g s  and vacuum chambers would be required and t h e  t e s t i n g  
machine would have t o  be phys ica l ly  t r ans fe r r ed  from chanber t o  
chamber. I f  a l l  t h e  specimens were i n  one chamber, then a power 
f a i l u r e  o r  any equipment f a i l u r e  would ru in  the  e n t i r e  se t  of 
specimens. I f  t h i s  occurred, l e t ' s  say a f t e r  f i v e  months of vacu- 
um exposure, then it would be necessary t o  s t a r t  t h e  tes t  sequence 
( inc luding  the  'near: compatibii icy cyc le j  over agdin. 

The method se l ec t ed  f o r  the  vacuum soak and in-situ t e s t i n g  
w a s  t o  s epa ra t e  t h e  two tasks.  To accomplish t h i s ,  32 vacuum 
c z ~ i s t e r s  ::ere fzbri~eteC1. The soak systems cnns is ted  o f  f on r  
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400 e / s e c  ion pumps with a seven-canister manifold on each. 
c a n i s t e r  w a s  separated from the  plenum wi th  two vacuum valves 
The remaining four  c a n i s t e r s  w e r e  connected t o  ind iv idua l  50 I l s e c  
ion pumps. This provided the  capab i l i t y  of using ind iv idua l  cani-  
sters f o r  those ma te r i a l s  t h a t  e i t h e r  had an t i c ipa t ed  high out- 
gassing loads,  o r  t he  outgassing products were undesirable contam- 
ina t e s  f o r  o ther  mater ia l s .  Figure 2 shows one of t he  seven cani -  
ster systems. Each of the  c a n i s t e r s  w a s  fabr ica ted  from s t a i n l e s s  
steel with a double w a l l  t o  provide thermal c a p a b i l i t i e s .  A 
schematic of these  c a n i s t e r s  i s  shown i n  Figure 3. The top por t ion  
o r  l i d ,  was  sealed with an O-ring compressed by a marman clamp. 
This s ea l ing  technique provided a f u l l  opening l i d  t h a t  required 
the t igh ten ing  o r  loosening of only one nut  t o  open o r  c lose  the  
can i s t e r .  

Each 

The test  chamber w a s  designed and f ab r i ca t ed  t o  be used i n  
conjunction wi th  the  soak systems. It  is constructed of 300 s e r i e s  
stainless steel and cons i s t s  of two ind iv idua l  vacuum chambers 
separated by a 24 inch s l i d i n g  ga te  valve (Figure 4).  
chamber i s  a nominal 5 f e e t  i n  diameter and 7 f e e t  long. The a i r  
lock chamber i s  2 f e e t  i n  diameter and 2 f e e t  long. 

The main 

The pumping por t ion  of t he  main chamber c o n s i s t s  of two 20-in. 
o i l  d i f fus ion  pumps with a multicoolant b a f f l e  and a valve i so l a -  
t i n g  the  pump from the  chamber, and a 300 cfm roughing pump on the  
discharge s i d e  of the  d i f fus ion  pumps. F i f t een  cfm holding pumps 
are t i e d  i n t o  the  roughing manifold t o  enable the  d i f f u s i o n  pumps 
t o  be exhausted while t he  main chamber i s  being roughed down. The 
ne t  pumping speed f o r  t he  main chamber i s  i n  excess of 10,000 11 
sec. The a i r  lock pumping systems c o n s i s t  of a 6 inch d i f f u s i o n  
pump with a multicoolant b a f f l e  and an i s o l a t i o n  valve.  

The 6 sq f t  chamber window has th ree  tempered g l a s s  s ec t ions ,  
each laminated wi th  two l ayers  of 0.75 in.  th ick  g l a s s .  Twenty- 
n ine  flanges on the  main chamber range i n  s i z e  from 1.5 t o  8 in .  
tube s i z e .  The flanges a r e  f i t t e d  wi th  feed-throughs f o r  h igh  
vol tage ,  coaxia l ,  high cu r ren t ,  ins t rumenta t ion ,  l i q u i d  n i t rogen  
and nude ion gages. A f u l l  opening door on one end provides easy 
access t o  the chamber. The air  lock has four 1.5-in. tube s i z e  
flanges and a s l i d i n g  t r a y  mounted on t r acks  wi th in  t h e  a i r  lock. 

The unique f ea tu re  of t h i s  system i s  the  mas ter l s lave  mani- 
pu la t ion  c a p a b i l i t y  i n  the  main chamber. 
s i m i l a r  t o  those used i n  nuc lear  i n s t a l l a t i o n s  and each c o n s i s t s  
of four major p a r t s :  t he  master a r m ,  t he  s l ave  arm, the  seal 
tube assembly, and the  tongs. Each s l ave  ann conta ins  over 70 
bearings,  l ub r i ca t ed  with a dry f i l m  lub r i can t .  Tong conf igura- 
t i ons  can be changed remotely using a s p e c i a l  f i x t u r e .  
pu la tors  provide s i x  degrees of freedom and have e l e c t r i c  indexing 
i n  two axes f o r  displacement of t he  master arm r e l a t i v e  t o  t h e  
s l ave  arm. A l l  o the r  motions are mechanical, wi th  a one-to-one 
force  r a t i o  between the  master arm and t h e  s l ave  arm except  f o r  

The manipulators are 

The mani- 
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Figure 2 - Seven Canister Thermal Vacuum System 

Figure 3 - Vacuum 
Canister 1 
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t h e  f r i c t i o n  of t he  motion rods wi th in  t h e  seal tube assembly. 

The l i n e a r  motions of t he  master arm are converted t o  ro t a ry  
motion a t  one end of t he  seal tube and then t r ans l a t ed  b ck t o  
l i n e a r  motion at  the  s l ave  end of the  seal tube assembly . This 
conversion enables the use of ro t a ry  seals t o  maintain a vacuum. 
Each end of the motion rods wi th in  t h e  seal tube contains twin 
Viton seals, wi th  the  cav i ty  between each set of  seals f i l l e d  
wi th  low pressure  o i l  f o r  l ub r i ca t ion .  The chamber rout ine ly  can 
be evacuated t o  to  lo-' t o r r .  

1 

A 10,000 l b  universa l  test  machine has been coupled to  the  
main chamber. The columns are shock i so l a t ed  from the chamber 
with bellows, and the  moving crosshead p u l l  rod i s  a t tached  t o  
a bellows with a 14-inch s t roke  capab i l i t y .  Heating and cooling 
of the  test  specimens is  provided by r ad ian t  hea t e r s  (quar tz  lamps) 
and l i qu id  n i t rogen  cooled shrouds. 
removal of a specimen from the  soak system and the  i n - s i t u  t e s t i n g  
is  as follows: 

A t y p i c a l  sequence f o r  the  

I s o l a t e  the  soak c a n i s t e r  from the  manifold by c los ing  
both the  vacuum valves ;  

Remove the  c a n i s t e r  and mount i t  on t h e  s l i d i n g  t r a y  from 
the  a i r  lock; 

I n s t a l l  t he  s l i d i n g  t r a y / c a n i s t e r  i n  the  a i r  lock and 
evacuate the  a i r  lock; 

With the  main chamber under vacuum, open t h e  24" ga te  
valve t h a t  separa tes  t he  a i r  lock from t h e  main chamber; 

Reach i n  the  air  lock with the  mas ter / s lave  manipulator 
and p u l l  the  s l i d i n g  t r a y  i n t o  the  main chamber; 

Loosen the  nut on the  marman clamp and open the  c a n i s t e r  
l i d ;  

Remove the specimens t o  be t e s t ed  and c lose  the  l i d ;  

Push the  c a n i s t e r  back i n  the  a i r  lock, c l o s e  the  ga t e  
va lve ,  and vent the  a i r  lock; 

Remove the  c a n i s t e r  and r e i n s t a l l  i t  on t h e  soak system; 

Evacuate the  area between the  ion  pump and t h e  c a n i s t e r  
and open the  c a n i s t e r  i s o l a t i o n  and ion  pump i s o l a t i o n  
valves.  

The t e s t  program required the  c a p a b i l i t i e s  and f i x t u r e s  f o r  
performing over 40 d i f f e r e n t  types of tests. Table 111 shows the  
d i f f e r e n t  physical  p rope r t i e s  tests t h a t  w e r e  performed on the  
Viking program. 
i n  vacuum. 
tes t  methods; however, i n  c e r t a i n  in s t ances ,  modi f ica t ions  w e r e  
made t o  the  methods o r  spec ia l  test  methods w e r e  generated.  

Approximately 85% of these  tests were performed 
These tests were performed genera l ly  according t o  ASTM 

The 
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Table I11 - Physical Propert ies  Measured for  Viking Materials 

1. 

2. 

3. 
4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 
14. 

15. 

16. 

17. 

16. 
19. 

20. 

21. 
22. 

23. 
24. 

25. 

26. 

27. 

28. 

Tensi le  - (-150 t o  +600°F) - D412, D638, D882, DlOOO 

Lap Shear - D1002, DlOOO 

Flexure - D790, FTMS 141M6221 

Peel Tests - D1876, D1867, D1000, D903 

Bond Tension - D952 

Teat Tests - 3624 
Dimensional S t a b i l i t y  - C548, D1204, D2126 

Compression S e t  - D395, F W  601M1311 

Scratch Tests 

Bend Tests 

Sand and Dust Abrasion Tests - STM" 

Dielectric Constant - D150, D1673 

Loss Tangent - D150, D1673 

Surface and Volume R e s i s t i v i t y  - D257, DlOOO 

Dielectric Breakdown - D149, DlOOO 

as, E Values f o r  Thermal Control Coatings - STM 

i n s u l a t i o n  Resistance - D257 

Compressgon Strength - D695, C165, D1621 

Hardness - FTm-M3021. D785, hsTM D2240 

Thermaf Expansion - ~ 6 %  

Spec i f i c  Gravity - D792" 

Solvent'  Resistadce - D471" 

The& Cond - C177 

Creep - D674 
Bearing Strength and Modification - FTMS 406M1051 

Water Absorption - FTMS 406M7031" 

Corona Resistance - 111868 

Moisture Resistance - M?@* 

Adhesion - FTMS 141A Method 6304.1, E1000 i 

* Tests  not performed i n  vacuum. 
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test  method f o r  surface and volume r e s i s t i v i t y ,  f o r  ins tance ,  
ca l l ed  f o r  the e lec t rodes  t o  be secured t o  the specimen by an 
adhesive o r  grease. 
vacuum chamber and a constant  force was  applied t o  the specimen 
e lec t rode  configurat ion.  By performing the e n t i r e  sequence 
of t e s t s  using t h i s  method, a r e l a t i v e  change could be 
determined between base l ine  and i n - s i t u  t e s t ing  i f  one ex is ted .  
Other test method modifications were required where measurements 
were needed on specimens a t  o ther  than ambient temperatures. 
cause radfznt  hea t  t r ans fe r  i s  the  primary method nf h e a t i x  and 
cooling i n  a vacuum, it  w a s  necessary t o  f d l y  cr.;lose the test 
specimen wi th in  a cooling shroud t o  minimize temperature grad ien ts  
on c e r t a i n  test  specimens. 
gat ion on these t e n s i l e  spseimns where s t r a i n  w a s  a cr i t ical  
property. Again, t h i s  technique provided a r e l a t ive  change i f  
one exis ted.  Dielectric s t rength  t e s t s  required reduced power 
t e s t i n g  due t o  corona discharge problems. A 50 KV machine was  
used f o r  these tests, but  corona discharge occurred i n  vacuum 
between 30 and 40 KV. 
time permitted. 
specimens and, i f  new specimens and f i x t u r e s  were fabr ica ted  wi th  
a much l a rge r  surface area, it i s  f e l t  t h i s  problem would have 
been corrected.  This vol tage w a s  s u f f i c i e n t ,  however, t o  
qua l i fy  the mater ia l s  f o r  the Viking program, s ince breakdown 
d i d  not occur through the mater ia l .  

The method w a s  modified for  use i n  t h e  

Be- 

Head t r a v e l  w a s  used t o  measure elon-  

This problem could have been corrected i f  
The corona ocrrirred ever the  surface of the  

T- conclusion, it: is f e i t  t h a t  t he  mater ia ls  qua l i f i ca t ion  
program performed was  a meaningful one, and did ca tegor ize  those 
materials t h a t  exhibi ted changes after extended per iods of t i m e  
i n  a vacuum. Most materials showed l i t t l e  o r  no change a f t e r  
t h i s  vacuum exposure, and those t h a t  did e i t h e r  were re jec ted  
from the  program o r  it w a s  determined the changes were not  d e t r i -  
mental t o  the mater ia l s  s p e c i f i c  appl icat ion.  Teflon impregnated 
f ibe rg la s s  lac ing  cord, f o r  instance,  shared a 41% increase i n  
t e n s i l e  s t rength  a f t e r  3 months i n  vacuum. CR-124 (a  po t t ’ng  com- 
poundi showed a change i n  the measured resis tance from lo1’ ohms 
t o  10 ohms a f t e r  hea t  compat ibi l i ty .  This change was  s u f f i c i e n t  
t o  have the  material r e j ec t ed  from the program. 

DISCUSS ION 
I n  the  chemical qua l i f i ca t ion  of nonmetallic materials, the  

techniques employed most o f t en  from the  m t e r i a l  i n i t i a l  screening 
through q u a l i f i c a t i o n  and i n  the  f i n a l  l o t  t o  lo t  f ingerpr in t ing  
were t h e r c l  gravimetr ic  ana iys i s  (TU), and combined r e s idua l  
gas ana lys i s  (RGA). The success of t h i s  program i s  due i n  l a rge  
measure t o  the  instruments used; namely, a Met t leE Thermoanalyzer 
I, and Quadrupole Mass Spectrometer. The RGA data were obtained 
simultaneously with the TGA slzd read-out through an Info t ronic  
CRS-160 Data Acquisi t ion System. 

Based on cne experience of running more than 1500 tests, t h i s  
method as a bas ic  p a r t  f o r  nonmetallic mater ia ls  chz rac t e r i ca t ion  
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o r  q u a l i f i c a t i o n  is highly recommended. 
r e s u l t s  from l o t  t o  l o t  samples, it is  recoaunended t h a t  t h i s  t oo l  
become a pa r t  of the  q u a l i t y  receiving/inspection process f o r  
nonmetallic mater ia l s .  

For ge t t i ng  ident ica l  

I n  the phys ica l  p roper t ies  por t ion  of the qua l i f i ca t ion  pro- 
gram, severa l  conclusions can be reached. F i r s t ,  t he  tes t ing  of 
nonmetallic materials f o r  obtaining r e l a t i v e  changes a f t e r  long 
term thermal vacuum exposures has  categorized c e r t a i n  material 
grorips as those most l i k e l y  t o  be unaffected by the exposures 

though the e f f e c t s  may not  be de le te r ious .  For instance,  dacron 
materials showed an average of 6.3% reduct ion i n  t ens i l e  proper- 
ties atter hea t  compat lbl i i ty ,  but not  a f t e r  vacuum exposure which 
makes it acceptable  f o r  the  spec i f i c  appl icat ion.  Viton "A" MIL- 
R-25597 group exhib i ted  a 35% compression set a f t e r  one month 
thermal vacuum exposure, making it unacceptable f o r  i t s  s p e c i f i c  
appl icat ion.  I n  general ,  t h i s  q u a l i f i c a t i o n  program has provided 
the  necessary da t a  t o  give assurance tha t  nonmetallic materials, 

changes of physical  p roper t ies  a f t e r  long term vacuum exposure at 
moderate temperatures. 
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